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METHOD OF REMOVING A BAD PIXEL
FROM A PIXEL IMAGE GENERATED BY AN
IMAGE SENSOR, AN IMAGE SENSOR
USING THE METHOD, AND AN
APPLICATION PROCESSOR USING THE
METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority under 35 U.S.C. §119(a)
to Korean Patent Application No. 10-2014-0160322, filed on
Nov. 17, 2014, 1n the Korean Intellectual Property Office, the
disclosure of which 1s incorporated by reference herein in 1ts
entirety.

TECHNICAL FIELD

Embodiments of the present inventive concept relate to a
method of removing a bad pixel from a pixel image detected
by an 1mage sensor, and more particularly, to an 1mage
sensor using the method and an application processor using
the method.

DISCUSSION OF THE RELATED ART

A pixel array of an 1image sensor may include a plurality
of pixels which converts an 1mage picked up from an object
into electrical signals. The plurality of pixels may include
bad pixels that do not function properly.

Post 1mage processing to i1dentity and compensate bad
pixels would enhance quality and performance.

SUMMARY

According to an embodiment of the present mmventive
concept, a method of removing a bad pixel from a pixel
image 1s provided. The method includes determining
whether a representative pixel representing at least one bad
pixel 1s included m a kernel, determining whether a first
pixel 1s a bad pixel when the representative pixel 1s included
in the kernel, and compensating for the first pixel using a
second pixel in the kernel when the first pixel 1s determined
to be a bad pixel. The kernel has the first pixel at a center of
the kernel.

The method may further include adjusting a first pixel
range of the kernel when the representative pixel 1s included
in the kernel.

The determining whether the representative pixel 1s
included 1n the kernel may include comparing coordinates of
the first pixel with coordinates of the representative pixel,
calculating a horizontal oflset and a vertical oflset based on
the comparison result, and determining whether the hori-
zontal offset and the vertical offset are within a predeter-
mined value corresponding to a size of the kernel. The
horizontal offset may be a distance 1n a first direction
between the first pixel and the representative pixel. The
vertical oflset may be a distance 1n a second direction
perpendicular to the first direction between the first pixel and
the representative pixel.

The method may further include storing information
about the representative pixel.

The information about the representative pixel may
include coordinates of the representative pixel or the number
of bad pixels adjacent to the representative pixel.

A size of the kernel may be one of 2x2, 3x3, 5x5 and 7x7.
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According to an embodiment of the present mmventive
concept, an 1mage sensor 1s provided. The image sensor
includes an 1mage generating unit and a bad pixel processing
unmit. The 1image generating unit 1s configured to generate a
pixel image corresponding to intensity of incident light. The
bad pixel processing unit 1s configured to detect a bad pixel,
and to output a compensated pixel image. The bad pixel
processing unit includes a bad pixel detection unit and a bad
pixel compensation umt. The bad pixel detection unit 1s
configured to determine whether a representative pixel rep-
resenting at least one bad pixel 1s included 1n a kernel, and
to determine whether a first pixel 1s a bad pixel when the
representative pixel 1s mncluded 1n the kernel. The bad pixel
compensation unit 1s configured to compensate for the first
pixel using a second pixel 1n the kernel when the first pixel
1s determined to be a bad pixel, and to output the compen-
sated pixel image. The kernel has the first pixel at a center
ol the kernel.

The bad pixel detection unit may adjust a first pixel range
of the kernel when the representative pixel 1s included 1n the
kernel.

The bad pixel detection unit may compare coordinates of
the first pixel with coordinates of the representative pixel,
calculate a horizontal offset and a vertical offset based on the
comparison result, and determine whether the horizontal
offset and the vertical ofiset are within a predetermined
value corresponding to a size of the kernel. The horizontal
oflset may be a distance 1n a first direction between the first
pixel and the representative pixel. The vertical oflset may be
a distance 1n a second direction perpendicular to the first
direction between the first pixel and the representative pixel.

The bad pixel processing unit may further include a bad
pixel memory configured to store information about the
representative pixel.

The information about the representative pixel may
include coordinates of the representative pixel or the number
of bad pixels adjacent to the representative pixel.

A size of the kernel may be one of 2x2, 3x3, 5x5 and 7x7.

The bad pixel detection unit may output the first pixel as
the compensated pixel image without performing the bad
pixel compensation when the representative pixel 1s not
included in the kernel.

The 1image generating unit may include a pixel array, a
readout block, and a control umit. The pixel array may
include a plurality of pixels each configured to generate an
clectrical signal varying depending on the intensity of the
incident light. The readout block may be configured to
convert the electrical signal into the pixel image 1n a digital
format. The control unit may be configured to control the
pixel array and the readout block.

According to an embodiment of the present inventive
concept, an application processor 1s provided. The applica-
tion processor includes a camera imterface and an image
signal processor. The camera interface 1s configured to
receive a pixel image. The image signal processor 1s con-
figured to process the pixel image to generate 1image data.
The mmage signal processor includes a bad pixel detection
unit and a bad pixel compensation unit. The bad pixel
detection unit 1s configured to determine whether a repre-
sentative pixel representing at least one bad pixel 1s included
in a kernel, and to determine whether a first pixel 1s a bad
pixel when the representative pixel 1s included 1n the kernel.
The bad pixel compensation unmit i1s configured to compen-
sate for the first pixel using a second pixel 1n the kernel when
the first pixel 1s determined to be a bad pixel. The kernel has
the first pixel at a center of the kernel.
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The bad pixel detection unit may adjust a first pixel range
of the kernel when the representative pixel 1s included 1n the

kernel.

The bad pixel detection unit may compare coordinates of
the first pixel with coordinates of the representative pixel,
calculate a horizontal oflset and a vertical offset based on the
comparison result, and determine whether the horizontal
offset and the vertical ofiset are within a predetermined
value corresponding to a size of the kernel. The horizontal
oflset may be a distance 1n a {first direction between the first
pixel and the representative pixel. The vertical offset may be
a distance 1n a second direction perpendicular to the first
direction between the first pixel and the representative pixel.

The 1mage signal processor may further include a bad
pixel memory configured to store information about the
representative pixel.

The information about the representative pixel may
include coordinates of the representative pixel or the number
of bad pixels adjacent to the representative pixel.

A size of the kernel may be one of 2x2, 3x3, 5x5 and 7x7.

The bad pixel detection umit may output the first pixel as
a compensated pixel image without performing the bad pixel
compensation when the representative pixel 1s not included
in the kernel.

According to an embodiment of the present inventive
concept, a method of processing a bad pixel included 1n a
pixel image 1s provided. The method includes detecting a
bad pixel using coordinates of a representative pixel repre-
senting at least one bad pixel and compensating for a first
pixel using a second pixel 1n a kernel when the first pixel 1s
a bad pixel. The kernel has the first pixel at a center of the
kernel. The detecting a bad pixel includes determiming
whether the representative pixel i1s included in the kernel,
determining whether the first pixel 1s a bad pixel when the
representative pixel 1s included 1n the kernel, and determin-
ing the first pixel as a bad pixel when luminance value of the
first pixel 1s not within a first pixel range. The first pixel
range 1s determined based on average luminance of the
kernel.

The detecting the bad pixel may further include decreas-
ing the first pixel range of the kernel when the representative
pixel 1s included in the kernel.

The detecting the bad pixel may further include outputting
the first pixel as a compensated pixel image when the
representative pixel 1s not included 1n the kernel.

The detecting the bad pixel may further include outputting,
the first pixel as a compensated pixel image when the
luminance value of the first pixel 1s within the first pixel
range 1n the kernel.

The second pixel may surround the first pixel in the kernel
and have a substantially same color as the first pixel.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other features of the present inventive
concept will become more apparent by describing 1n detail
exemplary embodiments thereof with reference to the
attached drawings in which:

FIG. 1 1s a block diagram of an 1image processing system
including an 1mage sensor according to an embodiment of
the present imventive concept;

FIG. 2 1s a block diagram of a data processing system
according to an embodiment of the present mventive con-
cept;

FIG. 3 1s a block diagram of a bad pixel processing unit
illustrated 1n FIGS. 1 and 2 according to an embodiment of
the present inventive concept;
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FIG. 4 1s a diagram of a pixel image mput to the bad pixel
processing unit 1llustrated 1n FIG. 3 according to an embodi-

ment of the present inventive concept;

FIG. 5 1s a diagram for explaining an operation of a bad
pixel detection unit illustrated mm FIG. 3 according to an
embodiment of the present inventive concept;

FIG. 6 1s a diagram for explaining a procedure for
generating representative pixel information stored in a bad
pixel memory illustrated 1n FIG. 3 according to an embodi-
ment of the present inventive concept;

FIG. 7 1s a diagram for comparing data stored in a bad
pixel memory 1llustrated 1n FIG. 3 case by case according to
an embodiment of the present inventive concept; and

FIG. 8 1s a flowchart of an operation of a bad pixel
processing unit 1llustrated 1n FIG. 3 according to an embodi-
ment of the present inventive concept.

DETAILED DESCRIPTION OF TH.
EMBODIMENTS

L1

The present inventive concept now will be described more
tully hereinafter with reference to the accompanying draw-
ings, 1n which embodiments of the present inventive concept
are shown. The present inventive concept may, however, be
embodied 1n many different forms without departing from
the spirit and scope of the present immventive concept and
should not be construed as limited to the embodiments set
forth herein. In the drawings, the size and relative sizes of
layers and regions may be exaggerated for clanty. Like
numbers may refer to like elements throughout the specifi-
cation and drawings.

As used herein, the term “and/or” includes any and all
combinations of one or more of the associated listed 1tems
and may be abbreviated as */”.

As used herein, the singular forms “a”, “an” and “the” are
intended to include the plural forms as well, unless the
context clearly indicates otherwise.

FIG. 1 1s a block diagram of an 1mage processing system
10 including an 1image sensor 100 according to an embodi-
ment of the present inventive concept. The image processing
system 10 may include the image sensor 100, a digital signal
processor (DSP) 300, a display unit 400, and a lens 450. The
image sensor 100 may include an image generating unit 105
and a bad pixel processing unit 200.

The 1mage generating unit 105 may generate a pixel
image PI corresponding to the intensity of light coming
through the lens 450. The image generating unit 105 may
include a pixel array 110, a readout block 120, and a control
unit 130.

The pixel array 110 may include a plurality of pixels each
of which accumulates photocharges generated in response to
light coming from an object 350 through the lens 450 and
generates a pixel signal corresponding to the photocharges.
The pixels may be arranged 1n a matrix of “n” rows and “m”
columns, where “n” and “m” are integers of at least 1.

Each of the pixels includes a plurality of transistors and a
plurality of photoelectric conversion elements. Each of the
photoelectric conversion elements may be a photo diode, a
pinned photo diode, or the like. The pixel array 110 senses
light using the plurality of photoelectric conversion elements
and converts the light into electrical signals, and thus, the
pixel signals are generated. The pixels may be referred to as
image pixels 1n the sense that the pixels generate a signal
corresponding to a captured image.

The readout block 120 may remove noise (e.g., reset
noise) from a pixel signal which 1s generated by each of the
pixels and may perform analog-to-digital conversion on the
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pixel signal from which the noise 1s removed. The readout
block 120 may temporarily store the pixel image PI, which
corresponds to the pixel signal 1n a digital format after being
converted, may amplily the pixel image PI, and may output
the amplified pixel image PI. The readout block 120 may
include an analog-to-digital converter (ADC) which
removes the noise and performs the analog-to-digital con-
version, a memory (e.g., static random access memory
(SRAM)) which temporarily stores the pixel image PI, and
a bufller which amplifies and outputs the pixel image PI.

The control unit 130 may generate a plurality of control
signals for controlling the operations of the pixel array 110
and the readout block 120. The control unit 130 may include
a row driver 140, a column drniver 150, a timing generator
160, and a control register block 170.

The row driver 140 drives the pixel array 110 by a unit of
row. For example, pixels in one row may be provided with
the same control signal. The row driver 140 may decode a
control signal output from the timing generator 160 and
provide control signals for the pixel array 110.

The column driver 150 may generate a plurality of control
signals according to the control of the timing generator 160
to control the operation of the readout block 120. The timing,
generator 160 may apply a control signal to the row driver
140 and the column driver 150 to control the operations or
timing of the row driver 140 and the column driver 150. The
timing generator 160 may generate the control signal or a
clock signal to be applied to the row driver 140 and the
column drniver 150 using a control signal and a clock signal
received from an external device (e.g., a host).

The control register block 170 operates according to the
control of a camera control unit 310 and may store or bufler
the control signal and the clock signal. In addition, the
control register block 170 may control the image generating
unit 105 and the bad pixel processing unit 200 of the image
sensor 100.

The bad pixel processing umit 200 may receive the pixel
image PI, detect bad pixels from pixels of the pixel image PI,
compensate for the bad pixels, and output a compensated
pixel image CPI. The pixel image PI may be a stream signal
in which digital values of respective pixels 1n the pixel array
110 are sequentially arranged. For example, when the pixel
array 110 includes pixels arranged 1n a matrix of ten rows
and ten columns, the pixel image PI may be a stream signal
in which a total of 100 digital values are sequentially
arranged from a digital value corresponding to a pixel signal
output from a pixel in the first row and the first column to
a digital value corresponding to a pixel signal output from a
pixel 1n the tenth row and the tenth column.

A bad pixel 1s a pixel of the pixel image PI which outputs
a different signal than a picked-up 1image. A pixel may be bad
due to, e.g., a failure 1n a transistor within the corresponding
pixel.

The bad pixel processing unit 200 sequentially receives
the pixels of the pixel image PI, recognizes each of the pixels
as a target pixel, detects a bad pixel, and compensates for the
detected bad pixel. The operation of the bad pixel processing
unit 200 will be described 1n detail with reference to FIGS.
3 through 7 later.

The DSP 300 may generate image data by processing the
compensated pixel image CPI output from the 1image sensor
100 and may output the image data to the display unit 400.
The DSP 300 may include the camera control unit 310, an
image signal processor (ISP) 320, and a personal computer
intertace (PC I/F) 330.

The camera control unit 310 controls the control register
block 170. The camera control unit 310 may control the
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6

control register block 170 using an inter-integrated circuit
(I*C), but the scope of the present inventive concept is not
restricted thereto.

The ISP 320 processes the compensated pixel image CPI
output from the image sensor 100 into image data and
outputs the image data to the display unit 400 through the PC
I’'F 330. The ISP 320 i1s implemented 1n a chip separated
from the 1mage sensor 100. In an exemplary embodiment of
the present inventive concept, the ISP 320 and the image
sensor 100 may be integrated into a single chip.

The display unit 400 may be any device that can output an
image using image data output from the DSP 300. For
example, the display unit 400 may be implemented as a
computer, a mobile phone, a smart phone, any type of image
output terminal, or the like

FIG. 2 1s a block diagram of a data processing system 20
according to an embodiment of the present mventive con-
cept. Referring to FIGS. 1 and 2, the data processing system
20 may be implemented as a mobile terminal such as a smart
phone, a tablet personal computer (PC), a personal digital
assistant (PDA), an enterprise digital assistant (EDA), a
mobile internet device (MID), an e-book, or the like.

The data processing system 20 may include an application
processor 500, an 1mage sensor 565, a display device 575,
and a memory 583. The image sensor 565 may include the
same components as the image sensor 100 illustrated in FIG.
1 except for the bad pixel processing unit 200.

The application processor 300 may include a central
processing unit (CPU) 510, read only memory (ROM) 520,
random access memory (RAM) 530, an ISP 540, a codec
550, a camera nterface 560, a display interface 570, and a
memory interface 580. The application processor 500 may
be implemented as a system on chip (SoC). The components
510, 520, 530, 540, 550, 560, 570, and 580 of the application
processor 500 may communicate data with one another via
a bus 505.

The CPU 510 may control the overall operation of the
application processor 500. The CPU 310 may process or
execute programs and/or data stored 1n the ROM 520 and/or
the RAM 530. The CPU 510 may be implemented as a
multi-core processor, €.g., a single computing component
with two or more independent processors (or cores).

The ROM 520 may store programs and/or data which are
continuously used. The ROM 520 may be formed with
crasable programmable ROM (EPROM), electrically eras-
able programmable ROM (EEPROM), or the like.

The RAM 530 may temporarily store programs, data,
and/or 1nstructions (e.g., commands). The RAM 530 may be
formed with dynamic RAM (DRAM), SRAM, or the like.
The RAM 530 may temporarily store data which 1s mput
and/or output through the interfaces 560, 570, and 580, or
data which 1s generated by the codec 550, the CPU 310, or
the like.

The ISP 540 may perform image processing on data
recetved from the RAM 530, the camera interface 560, the
memory interface 580, or the like, and may output processed
image data to the RAM 530, the display intertace 570, the
memory interface 380, or the like. The ISP 540 may be
formed 1n software, hardware, a combination thereot, or the
like.

The ISP 540 may be the ISP 320 illustrated 1n FIG. 1 or
may further mclude the bad pixel processing unit 200 of
FIG. 1, as 1llustrated 1n FIG. 2. For example, the bad pixel
processing unit 200 1s mcluded 1n the 1image sensor 100 as
illustrated in FIG. 1, but the bad pixel processing unit 200
may be included 1n the ISP 540 outside the image sensor 563
as 1llustrated 1n FIG. 2.
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The codec 350 may encode or decode data recerved from
the 1mage sensor 365 or the encoded or decoded data output
to the display device 575. The codec 550 may include an
encoder and a decoder.

The camera interface 560 may interface data (e.g., the
pixel image PI) which 1s mput from the 1image sensor 365 in
the outside of the application processor 300. The display
interface 570 may interface data (e.g., image data) which 1s
output to the display device 575 in the outside of the
application processor 500. The display device 575 may
output an 1mage or data about an 1mage through a display
such as a liqud crystal display (LCD), an active matrix
organic light emitting diode (AMOLED) display, or the like.

The memory interface 580 may interface data which 1s
input from the memory 385 1n the outside of the application
processor 500 or data which 1s output to the memory 585.
The memory 585 may be formed with non-volatile memory
such as flash memory, resistive memory, or the like.

FIG. 3 1s a block diagram of the bad pixel processing unit
200 1llustrated 1n FIGS. 1 and 2 according to an embodiment
of the present inventive concept. Referring to FIGS. 1
through 3, the bad pixel processing unit 200 may 1nclude a
bad pixel memory 210, a bad pixel detection unit 220, and
a bad pixel compensation unit 230. The bad pixel processing
unit 200 may be formed 1n software, hardware, a combina-
tion thereof, or the like.

The bad pixel memory 210 may store representative pixel
information RPI about a representative pixel. The bad pixel
memory 210 may be formed with non-volatile memory, e.g.,
ROM such as EPROM, EEPROM, or the like, flash memory,
Or resistive memory.

A representative pixel 1s a pixel that is either a bad pixel
or a pixel adjacent to one or more bad pixels. The repre-
sentative pixel may be positioned at the same location as a
bad pixel (e.g., a first bad pixel) or may be positioned at
substantially the center of more than one bad pixels; how-
cver the present inventive concept 1s not restricted thereto.
The representative pixel information RPI may include the
coordinates of the representative pixel and information
about the number of bad pixels adjacent to the representative
pixel.

The terms “kernel” and “center pixel”, which will be
mentioned hereinafter, will be explained first. The kernel 1s
a group ol pixels which are subjected to bad pixel detection

and bad pixel compensation at a time, and the kernel may
have a size of axb (where “a” 1s the number of pixels 1n a
row, “b” 1s the number of pixels 1n a column, and “a” and “b”
are 1ntegers ol at least 1), e.g., 2x2, 3x3, 5x5, 7x7, or the
like. The center pixel 1s a pixel positioned at the center of the
kernel. For example, 1n a 2x2 kernel, the center pixel may
be a pixel at the top-left position thereof, but not limited
thereto, and 1n a 5x35 kernel, the center pixel may be a pixel
at the intersection of the third row and the third column
thereof.

The bad pixel detection unit 220 may determine whether
a target pixel 1s a bad pixel and whether the representative
pixel 1s included 1 a kernel 1 which the target pixel 1s a
center pixel. A target pixel may be any pixel in the pixel
image. In the case of a streaming pixel 1image, a first pixel
1s handled as a target pixel, and a second pixel next to the
first pixel (e.g., 1n a raster direction illustrated 1n FIG. 4) 1n
the pixel image PI 1s handled as the next target pixel.

The bad pixel detection unit 220 may determine a target
pixel and a kernel in which the target pixel 1s a center pixel.
For example, when a pixel P1 illustrated in FIG. 4 1s
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determined as a target pixel, a first kernel K1 having the
pixel P1 as a center pixel may be selected to perform the bad
pixel processing.

The bad pixel detection unit 220 may compare the coor-
dinates of a target pixel (or the coordinates of the determined
kernel) with the coordinates of a representative pixel
included 1n the representative pixel information RPI and
may determine whether the representative pixel 1s included
in the kernel. For example, the bad pixel detection unit 220
may compare the coordinates of a target pixel with the
coordinates ol a representative pixel, calculate a horizontal
oflset (e.g., a diflerence between X-coordinates of the target
pixel and the representative pixel) and a vertical oflset (e.g.,
a difference between Y-coordinates of the target pixel and
the representative pixel), and determine whether absolute
values of the horizontal offset and the vertical oflset are
equal to or smaller than a predetermined value correspond-
ing to a size of the kernel to determine whether the repre-
sentative pixel 1s included 1n the kernel. For example, the
predetermined value may be n/2 when the size of the kernel
1s nxn (where n 1s an integer at least 1).

For example, when a size of the kernel 1s 5x5 and
horizontal and vertical offsets between the coordinates of a
target pixel and the coordinates of a representative pixel are
+1 and -2, respectively, the representative pixel may be
determined to be included 1n the kernel. When the horizontal
and vertical offsets between the coordinates of the target
pixel and the coordinates of the representative pixel are +4
and -2, respectively, the representative pixel may be deter-
mined to be not included 1n the kernel.

When the representative pixel 1s not included in the
kernel, the bad pixel detection unit 220 may output the target
pixel as the compensated pixel image CPI. When the rep-
resentative pixel 1s included in the kernel, the bad pixel
detection unit 220 may determine whether the target pixel 1s
a bad pixel. The bad pixel detection unit 220 may determine
whether a value of the target pixel 1s within a predetermined
normal pixel range NPR to determine whether the target
pixel 1s a bad pixel or not, but the present inventive concept
1s not restricted to the embodiment. For example, the value
of the target pixel may be luminance of the target pixel and
the normal pixel range NPR may be determined based on
average luminance of a kernel having the target pixel as a
center pixel. The higher the average luminance, the higher
the median level (e.g., a median value between a maximum
level and a minimum level) of the normal pixel range NPR
and the larger the size (e.g., a difference between the
maximum level and the minmimum level) of the normal pixel
range NPR.

When the representative pixel 1s included 1n the kernel or
when the number of bad pixels adjacent to the representative
pixel 1s greater than a predetermined number (e.g., 2), the
bad pixel detection umt 220 may adjust the normal pixel
range NPR of the kernel, for example, the bad pixel detec-
tion unit 220 may decrease the normal pixel range NPR of
the kernel.

When the target pixel 1s not in the normal pixel range
NPR, the bad pixel detection unit 220 may consider the
target pixel as a bad pixel and may transmit the target pixel
to the bad pixel compensation unit 230. When the target
pixel 1s within the normal pixel range NPR, the bad pixel
detection unit 220 may consider the target pixel as not a bad
pixel and may output the target pixel as the compensated
pixel image CPI.

The bad pixel compensation unit 230 may perform com-
pensation on the target pixel recerved from the bad pixel
detection unit 220. The bad pixel compensation unit 230
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may compensate for the target pixel using surrounding
pixels of the target pixel in the kernel having the target pixel
as the center pixel. The compensation may be performed by
using an average value of pixels having the same color (e.g.,
a red, blue, or green color) as the target pixel among the
surrounding pixels or by filtering the surrounding pixels, but
the present inventive concept 1s not restricted to the embodi-
ment. The bad pixel compensation unit 230 may output a
compensated target pixel as the compensated pixel image
CPL

FIG. 4 1s a diagram of a pixel image PI input to the bad
pixel processing unit 200 illustrated in FIG. 3 according to
an embodiment of the present inventive concept. FIG. 5 1s a
diagram for explaining an operation of the bad pixel detec-
tion unit 220 1llustrated 1n FIG. 3 according to an embodi-
ment of the present inventive concept. FIG. 6 1s a diagram
for explamning a procedure for generating representative
pixel information RPI stored in a bad pixel memory 210
illustrated 1n FIG. 3 according to an embodiment of the
present inventive concept. FIG. 7 1s a diagram for comparing,
data stored 1n a bad pixel memory 210 illustrated in FIG. 3
case by case according to an embodiment of the present
inventive concept.

Referring to FIGS. 1 through 7, FIG. 4 shows an example
of the pixel image PI. For purpose of illustration, the pixel
array 110 includes pixels arranged 1n a matrix of 10 rows and
10 columns, the pixel image PI 1s formed 1n a matrix of 10
rows and 10 columns, and each pixel of the pixel image PI
1s defined by an X-coordinate (e.g., one of X1 through X10)
and a Y-coordinate (e.g., one of Y1 through Y10). For
example, the coordinate of the pixel P1 1s (X4, Y4). Here,
the numbers of rows and columns 1n the matrix are just
examples and the present inventive concept 1s not restricted
to these examples.

The bad pixel detection unit 220 may receive pixels
sequentially from a pixel at coordinate (X1, Y1) to a pixel
at coordinate (X10, Y1) 1n the first row and from a pixel at
coordinate (X1, Y2) to a pixel at coordinate (X10, Y2) 1n the
second row. For example, the bad pixel detection unit 220
may consider, as a target pixel, each of the pixels sequen-
tially input 1n the raster direction from the first row to the
tenth row and may perform the bad pixel detection on each
target pixel sequentially.

Referring to FIG. 4, a first kernel K1 has the pixel P1 as
a target pixel which 1s a center pixel of the first kernel K1,
a second kernel K2 has a pixel P2 as a target pixel which 1s
a center pixel of the second kernel K2, and a third kernel K3
has a representative pixel R1 as a target pixel which 1s a
center pixel of the third kernel K3. It 1s assumed that there
are two bad pixels B1 and B2 in the pixel image PI.

Referring to FIG. 5, the first kernel K1 has the pixel P1 as
a target pixel and a center pixel C1 of the first kernel K1.
When the bad pixel detection unit 220 determines the pixel
P1 as the target pixel, the bad pixel detection unit 220
determines whether the representative pixel R1 1s included
in the first kernel K1. Since the representative pixel R1 1s not
included 1n the first kernel K1, the bad pixel detection unit
220 may output the target pixel, e.g., the bad pixel detection
unit 220 may output the pixel P1 as the compensated pixel
image CPI without performing the bad pixel detection and
the bad pixel compensation. Here, the bad pixel detection 1s
an operation of determining whether the target pixel 1s a bad
pixel, and the bad pixel compensation 1s an operation of
compensating for the target pixel determined as a bad pixel.

The second kernel K2 has the pixel P2 as a target pixel
and a center pixel C2 of the second kernel K2. When the bad
pixel detection unit 220 determines the pixel P2 as the target
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pixel, the bad pixel detection unit 220 determines whether
the representative pixel R1 1s included 1n the second kernel
K2. Since the representative pixel R1 1s mncluded in the
second kernel K2, the bad pixel detection unit 220 performs
the bad pixel detection.

The bad pixel detection unit 220 determines a normal
pixel range NPR from pixel values corresponding to pixel
positions P11 through P55 (where PAB denotes a position of
an 1ntersection of an A-th row and a B-th column) 1n the
second kernel K2 and determines whether a pixel value
corresponding to the position P33 of the target pixel P2 is
within the normal pixel range NPR. Since the pixel value
corresponding to the position P33 1s within the normal pixel
range NPR, the bad pixel detection unit 220 may not
transmit the target pixel P2 to the bad pixel compensation
umt 230 for the bad pixel compensation and may output the
target pixel P2 as the compensated pixel image CPI.

When the representative pixel R1 1s included in the
second kernel K2 or when the number of bad pixels adjacent
to the representative pixel R1 1s greater than a predetermined
number (e.g., 2), the bad pixel detection unit 220 may adjust
the normal pixel range NPR, for example, the bad pixel
detection umit 220 may decrease the normal pixel NPR of the
second kernel K2. When the representative pixel R1 1s
included 1n the second kernel K2 or when the number of bad
pixels adjacent to the representative pixel R1 1s greater than
a predetermined number (e.g., 2), 1t may be understood to
mean that a possibility such that bad pixels are included in
the second kernel K2 1s relatively high. The smaller the
normal pixel range NPR, the more finely the bad pixel
detection can be performed. Therefore, the bad pixel detec-
tion unit 220 may adjust (e.g., decrease) the normal pixel
range NPR, and thus, whether the target pixel P2 i1s a bad
pixel or not may be more precisely determined.

The third kernel K3 has the representative pixel R1 as a
target pixel and a center pixel C3 of the third kernel K3.
When the bad pixel detection unit 220 determines the
representative pixel R1 as the target pixel, the bad pixel
detection unit 220 determines whether the representative
pixel R1 1s included in the third kernel K3. Since the
representative pixel R1 1s included 1n the third kernel K3, the
bad pixel detection unit 220 performs the bad pixel detec-
tion.

The bad pixel detection unit 220 determines the normal
pixel range NPR from pixel values corresponding to pixel
positions P11 through P35 in the third kernel K3 and
determines whether a pixel value corresponding to the
position P33 of the target pixel R1 1s within the normal pixel
range NPR. Since the pixel value corresponding to the
position P33 1s out of the normal pixel range NPR, the bad
pixel detection unit 220 may transmit the target pixel R1 to
the bad pixel compensation unit 230 for the bad pixel
compensation.

When the representative pixel R1 1s included in the third
kernel K3 or when the number of bad pixels adjacent to the
representative pixel R1 1s greater than a predetermined
number (e.g., 2), the bad pixel detection unit 220 may adjust
(e.g., decrease) the normal pixel range NPR.

Referring to FIG. 6, the sensor tester 600 generates the
representative pixel information RPI. The sensor tester 600
may be implemented as an electrical die sorting (EDS)
tester, but the present inventive concept 1s not restricted to
the embodiment.

The sensor tester 600 may analyze the pixel image PI
generated in the image sensor 100 or 565 under various
conditions such as a white level (e.g., a high level of
illuminance), a black level (e.g., a low level of 1lluminance),
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or the like, and may detect pixels at particular positions as
bad pixels. The sensor tester 600 may determine a repre-
sentative pixel based on a position of each of the pixels
detected as bad pixels.

The representative pixel 1s a pixel that represents adjacent
bad pixels. Here, when a plurality of bad pixels 1s included
in a particular kernel (e.g., a kernel used by the bad pixel
processing unit 200), the plurality of bad pixels included in
the kernel may be construed as adjacent bad pixels.

The representative pixel 1s a pixel whose horizontal and
vertical oflsets from each of the adjacent bad pixels are equal
to or smaller 1in absolute value than a predetermined value
corresponding to a size of the kernel. For example, the
predetermined value may be n/2 when the size of the kernel
1s nxn. For example, when a bad pixel 1s positioned as
shown 1n FIG. 4, one of pixels within a particular X-coor-
dinate range of X6 to X9 and a particular Y-coordinate range
of Y6 to Y10 may be determined as the representative pixel.

The sensor tester 600 may generate the representative
pixel information RPI including the coordmate of the rep-
resentative pixel and information about the number of bad
pixels adjacent to the representative pixel, and may store the
representative pixel information RPI in the bad pixel
memory 210. The information about the number of bad
pixels adjacent to the representative pixel may not be
included 1n the representative pixel information RPI.

Referring to FIG. 7, 1t 1s assumed that a fourth kernel K4
includes two bad pixels B3 and B4 within a particular
X-coordinate range of X21 to X25 and a particular Y-coor-
dinate range of Y21 to Y25 and a pixel at a position (X23,
Y23) 1s determined as a representative pixel R2. The size of
data stored in the bad pixel memory 210 may be different
among cases CASFE1 through CASE4. For example, each of
the X- and Y-coordinates of a pixel 1s composed of 13 bits,
pattern information 1s composed of 6 bits, and oflset infor-
mation 1s composed of 6 bits, but the present inventive
concept 1s not restricted thereto.

The pattern information corresponds to a relative position
relationship formed by at least one bad pixel. For example,
when there 1s only one bad pixel, the pattern information 1s
expressed as “000000”; when there are two bad pixels
separated by one pixel in a horizontal direction, the pattern
information 1s expressed as “000001””; and when there are
two bad pixels separated by one pixel 1n a vertical direction,
the pattern information 1s expressed as “000010”. The oflset
information includes a honizontal offset and a vertical offset
of each of bad pixels from a certain bad pixel.

In the first case CASE1 according to an embodiment of
the present mventive concept, first data DATA1 including
only the coordinates, (e.g., X- and Y-coordinates) of the
representative pixel R2 may be stored as the representative
pixel information RPI 1n the bad pixel memory 210. For
example, the capacity of the bad pixel memory 210 required
for processing of bad pixels B3 and B4 1s 26 bits which
corresponds to the coordinates of the representative pixel
R2. This 1s because the bad pixel detection unit 220 accord-
ing to an embodiment of the present immventive concept 1s
able to detect a bad pixel based only the coordinates of the
representative pixel R2.

In the second case CASE2 as a comparison example,
second data DATA2 includes the coordinates, (e.g., X- and
Y-coordinates) of the bad pixel B3 and the pattern informa-
tion about the relative position relationship between the bad
pixels B3 and B4. For example, the capacity of the bad pixel
memory 210 required for processing of the bad pixels B3
and B4 1s 32 bits which corresponds to the coordinates of the
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bad pixel B3 and the pattern information. This capacity 1s
substantially 23% higher than that in the first case CASE].

In the third case CASE3 as a comparison example, third
data DATA3 includes the coordinates of the bad pixel B3
and the offset information about the horizontal oflset (e.g.,
“000”) and the vertical oflset (e.g., “001”) of the bad pixel
B4 from the bad pixel B3. For example, the capacity of the
bad pixel memory 210 required for processing of the bad
pixels B3 and B4 1s 32 bits which corresponds to the
coordinates of the bad pixel B3 and the offset information.
This capacity 1s substantially 23% higher than that in the first
case CASEL.

In the fourth case CASE4 as a comparison example,
tourth data DATA4 includes the coordinates of the bad pixel
B3 and the coordinates of the bad pixel B4. For example, the
capacity of the bad pixel memory 210 required for process-
ing of the bad pixels B3 and B4 1s 32 bits which corresponds
to the coordinates of the bad pixel B3 and the coordinates of
the bad pixel B4. This capacity 1s substantially 100% higher
than that in the first case CASEL.

With the recent demand for the mimaturization of an
image sensor, the degree of integration of a pixel array may
be increased. Therefore, structures in which a plurality of
pixels shares a transistor with each other may be used and
bad pixels may be generated adjacent to each other. In
addition, with the demand for the mimaturization of an
image sensor or an application processor, the capacity of
memory for bad pixel processing may be decreased.

Therefore, according to an embodiment of the present
iventive concept, the image sensor 100 or the application
processor 500 stores only the coordinates of a representative
pixel representing adjacent bad pixels 1n memory and per-
forms the bad pixel processing using the coordinates, and
thus, the capacity of memory used for the bad pixel pro-
cessing may be minimized. In addition, the image sensor
100 or the application processor 500 does not perform either
bad pixel detection or bad pixel compensation on a kernel
that does not 1nclude a representative pixel, and thus, an
amount of computation and power consumption required for
the bad pixel processing may be minimized.

FIG. 8 1s a flowchart of an operation of a bad pixel
processing umt 200 1illustrated in FIG. 3 according to an
embodiment of the present inventive concept. Referring to
FIGS. 1 through 8, the sensor tester 600 may generate and
store the representative pixel information RPI, which
includes the coordinates of a representative pixel and infor-
mation about the number of bad pixels adjacent to the
representative pixel, in the bad pixel memory 210 1n opera-
tion S10.

The bad pixel processing unit 200 may receive the pixel
image PI from the image generating unit 105 of the image
sensor 100 or the image sensor 5635 in operation S11. The
bad pixel detection unit 220 may determine whether the
representative pixel 1s included i a kernel having a target
pixel as a center pixel in operation S12. The bad pixel
detection unit 220 may compare the coordinates of the target
pixel with the coordinates of the representative pixel to
calculate a horizontal ofiset and a vertical offset, and may
determine whether the representative pixel 1s included 1n the
kernel by determining whether the horizontal and vertical
oflsets are equal to or smaller than in absolute value than a
predetermined value corresponding to a size of the kernel.
For example, the predetermined value may be n/2 when the
s1ze of the kernel 1s nxn.

When the representative pixel 1s not included 1n the kernel
(e.g., mm case of NO) in operation S12, the bad pixel
detection unit 220 may output the target pixel as the com-
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pensated pixel image CPI in operation S16. When the
representative pixel 1s included 1n the kernel (e.g., in case of
YES) in operation S12, the bad pixel detection unit 220 may
determine and adjust a normal pixel range NPR of the kernel
in operation S13. In an embodiment of the present inventive
concept, when the number of bad pixels adjacent to the
representative pixel 1s greater than a predetermined number
(e.g., 2), the bad pixel detection unit 220 may determine and
adjust the normal pixel range NPR of the kernel 1n operation
S13. In an embodiment of the present inventive concept, the
operation S13 may be omitted.

The bad pixel detection unit 220 may determine whether
the target pixel 1s a bad pixel 1n operation S14. When the
target pixel 1s not a bad pixel (e.g., 1n case of NO) in
operation S14, the bad pixel detection unit 220 may output
the target pixel as the compensated pixel image CPI in
operation S16. When the target pixel 1s a bad pixel (e.g., in
case of YES) 1n operation S14, the bad pixel compensation
unit 230 may compensate for the target pixel using pixels
included 1n the kernel 1n operation S185.

The bad pixel compensation unit 230 may output, as the
compensated pixel image CPI, the target pixel that has been
compensated for in operation S16. After the compensated
pixel image CPI 1s output, the operation of the bad pixel
processing unit 200 may be repeated until the bad pixel
processing 1s completed for all pixels (e.g., pixels corre-
sponding to a single frame). For example, the operation of
the bad pixel processing unit 200 may be repeated when the
bad pixel processing i1s not completed (e.g., 1n case of NO)
in operation S17, and the operation of the bad pixel pro-
cessing unit 200 may end when the bad pixel processing 1s
completed for all pixels (e.g., in case of YES) 1n operation
S17.

In addition, the present inventive concept can be embod-
ied as computer readable codes on a computer readable
recording medium. The computer readable recording
medium 1s any data storage device that can store data which
can be thereafter read by a computer system. For example,
the computer readable recording medium includes ROM,
RAM, CD-ROMs, magnetic tapes, tloppy disks, optical data
storage devices, or the like. In addition, the computer
readable recording medium can be distributed over network
coupled computer systems so that the computer readable
codes are stored and executed 1n a distributed fashion. Also,
functional programs, codes, and code segments for accom-
plishing the present imnventive concept can be easily under-
stood and derived by a person skilled 1in the art to which the
present mventive concept pertains.

As described above, according to an embodiment of the
present mventive concept, only the coordinates of a repre-
sentative pixel which represents adjacent bad pixels are
stored 1n memory and bad pixel processing 1s performed
using the coordinates, so that memory capacity used for the
bad pixel processing 1s minimized. In addition, when the
representative pixel i1s not included 1n a kernel, bad pixel
detection and bad pixel compensation 1s not performed on
the kernel, so that an amount of computation and power
consumption required for the bad pixel processing are
minimized.

While the present inventive concept has been particularly
shown and described with reference to exemplary embodi-
ments thereot, 1t will be understood that various changes in
forms and details may be made therein without departing
from the spirit and scope of the present inventive concept as
defined by the following claims.
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What 1s claimed 1s:

1. An 1image sensor comprising:

an 1mage generating unit configured to generate a pixel
image corresponding to intensity of incident light; and

a bad pixel processing circuit configured to detect a bad
pixel, and to output a compensated pixel image,

wherein the bad pixel processing circuit comprises:

a bad pixel detection unit configured to determine whether
a representative pixel representing at least one bad
pixel 1s included 1n a kernel, the kernel having a first
pixel at a center of the kernel, and to determine whether
the first pixel 1s a bad pixel when the representative
pixel 1s included 1n the kernel; and

a bad pixel compensation unit configured to compensate
for the first pixel using a second pixel in the kernel
when the first pixel 1s determined to be a bad pixel, and
to output the compensated pixel image,

wherein {irst data including only coordinates of the rep-
resentative pixel are stored as representative pixel
information 1n a bad pixel memory and the bad pixel
detection unit determines whether the first pixel 1s a bad
pixel using the coordinates.

2. The image sensor of claim 1, wherein the bad pixel
detection unit adjusts a first pixel range of the kernel when
the representative pixel 1s included 1n the kernel.

3. The image sensor of claim 1, wherein the bad pixel
detection unit compares coordinates of the first pixel with
the coordinates of the representative pixel, calculates a
horizontal oflset and a vertical oflset based on the compari-
son result, and determines whether the horizontal offset and
the vertical offset are within a predetermined value corre-
sponding to a size of the kernel,

wherein the horizontal offset 1s a distance in a first
direction between the first pixel and the representative
pixel, and

wherein the vertical offset 1s a distance in a second
direction perpendicular to the first direction between
the first pixel and the representative pixel.

4. The 1image sensor of claim 1, wherein a size of the

kernel 1s one of 3x3, 5x5 and 7x7.

5. The image sensor of claim 1, wherein the bad pixel
detection unit outputs the first pixel as the compensated
pixel image without performing the bad pixel compensation
when the representative pixel 1s not included 1n the kernel.

6. The mmage sensor of claim 1, wheremn the i1mage
generating unit comprises:

a pixel array comprising a plurality of pixels each con-
figured to generate an electrical signal varying depend-
ing on the intensity of the incident light;

a readout block configured to convert the electrical signal
into the pixel image 1n a digital format; and

a control unit configured to control the pixel array and the
readout block.

7. An application processor comprising;:

a camera interface configured to receirve a pixel image;
and

an 1mage signal processor configured to process the pixel
image to generate 1mage data,

wherein the 1mage signal processor comprises:

a bad pixel detection unit configured to determine whether
a representative pixel representing at least one bad
pixel 1s included 1n a kernel, the kernel having a first
pixel at a center of the kernel, and to determine whether
the first pixel 1s a bad pixel when the representative
pixel 1s included 1n the kernel; and
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a bad pixel compensation unit configured to compensate
for the first pixel using a second pixel in the kernel
when the first pixel 1s determined to be a bad pixel,

wherein {irst data including only coordinates of the rep-
resentative pixel are stored as representative pixel
information 1 a bad pixel memory.

8. The application processor of claim 7, wherein the bad
pixel detection unit adjusts a first pixel range of the kernel
when the representative pixel 1s included 1n the kernel.

9. The application processor of claim 7, wherein the bad
pixel detection unit compares coordinates of the first pixel
with the coordinates of the representative pixel, calculates a
horizontal oflset and a vertical oflset based on the compari-
son result, and determines whether the horizontal offset and
the vertical oflset are within a predetermined value corre-
sponding to a size of the kernel,

wherein the horizontal offset 1s a distance 1 a first
direction between the first pixel and the representative
pixel, and

wherein the vertical offset 1s a distance 1n a second
direction perpendicular to the first direction between
the first pixel and the representative pixel.

10. The application processor of claim 7, wherein a size

of the kernel 1s one of 3x3, 5x5 and 7x7.

11. The application processor of claim 7, wherein the bad
pixel detection unit outputs the first pixel as a compensated
pixel image without performing the bad pixel compensation
when the representative pixel 1s not included 1n the kernel.

12. A method of processing a bad pixel included 1n a pixel
image, the method comprising:

detecting a bad pixel using coordinates of a representative
pixel representing at least one bad pixel, wherein only
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the coordinates of the representative pixel are stored as
representative  pixel information in a non-volatile
memory; and

compensating for a first pixel using a second pixel 1 a

kernel when the first pixel 1s a bad pixel, the kernel
having the first pixel at a center of the kernel,
wherein the detecting a bad pixel comprises:
determiming whether the representative pixel 1s included
in the kernel;
determining whether the first pixel 1s a bad pixel when the
representative pixel 1s included in the kernel; and

determining the first pixel as a bad pixel when a lumi-
nance value of the first pixel 1s not within a first pixel
range, wherein the first pixel range 1s determined based
on an average luminance of the kernel.

13. The method of claim 12, wherein the detecting the bad
pixel further comprises decreasing the first pixel range of the
kernel when the representative pixel 1s included in the
kernel.

14. The method of claim 12, wherein the detecting the bad
pixel further comprises outputting the first pixel as a com-
pensated pixel image when the representative pixel 1s not
included in the kernel.

15. The method of claim 12, wherein the detecting the bad
pixel further comprises outputting the first pixel as a com-
pensated pixel image when the luminance value of the first
pixel 1s within the first pixel range 1n the kernel.

16. The method of claim 12, wherein the second pixel
surrounds the first pixel in the kernel and has a substantially
same color as the first pixel.
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